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Dear Editor:
We would like to call the attention of the readers on a biochem-
ical aspect generating occasional disputes in studies concerned
with oxidative stress-related apoptosis. The paper recently pub-
lished in this journal by Moon et al. (2012) documents that the
mutation of K-RAS in prostate epithelial cells causes the activation
of the ERK signalling pathway and an increased expression of
gamma-glutamyltransferase-2 (GGT2). This was accompanied by
a reduction in cellular production of reactive oxygen species
(ROS) as well as by induction of resistance to H2O2-induced cell
death. As GGT2 enzyme activity is known to contribute to mainte-
nance of cellular homeostasis of glutathione (GSH), the authors
conclude that the observed resistance to H2O2 is likely the result
of increased intracellular levels of this major antioxidant. GSH
levels in control and K-RAS-mutated cells were however not
determined.
Our laboratory has repeatedly reported on the antiapoptotic ef-
fects of GGT expression, but a relationship with increased cellular
GSH levels could never be conﬁrmed (Del Bello et al., 1999;
Franzini et al., 2006; Giommarelli et al., 2008). On the contrary,
these studies highlighted how GGT expression actually results in
a decrease of cellular GSH levels, likely due to the (often
overlooked) prooxidant role of this enzyme activity. Indeed, an
apparent ‘GSH oxidase’ activity of GGT was described since earlier
studies (Tate et al., 1979), and more recently it was shown that
generation of prooxidant species, including H2O2 itself, can occur
during GGT activity following the interaction of the GSH metabo-
lite cysteinyl-glycine with redox-active transition metals, notably
iron (Dominici et al., 1999).
The prooxidant effects of GGT activity were shown to produce
signiﬁcant changes in the cell redox status, exerting modulatory
effects on several molecular targets in signal transduction
pathways (reviewed in Dominici et al. (2005)). With regard to
apoptosis, we have shown that the increased resistance of
GGT-expressing cells to H2O2-induced apoptosis is not related to
intracellular GSH content, but rather results from activation of
ASK-1/p38 signalling and increased expression of cellular catalase,
resulting in decreased ROS formation and protection against ROS-
induced DNA damage (Giommarelli et al., 2008, 2009). Interest-
ingly, besides the phenomena described by Moon et al. in K-RAS
transformed cells, the described mechanisms likely account for
the resistance of GGT-expressing cells to apoptosis induced by
cytotoxic agents (Giommarelli et al., 2009; Corti et al., 2010). Alto-
gether, the functions played by GGT activity in cellular homeosta-
sis may be more complex than traditionally appreciated, and
caution should be put in interpreting the effects of GGT expression
solely in terms of cellular GSH supply.0887-2333/$ - see front matter  2012 Elsevier Ltd. All rights reserved.
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